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CaMKⅡγ、NMDAR1 蛋白表达变化情况。收集 8 例颞叶癫痫患者和 6 例对照组患
者的脑脊液，运用荧光定量 PCR 方法检测脑脊液中 microRNA-219 表达变化情况。
进一步给予小鼠侧脑室注射 microRNA-219 的特异性拮抗剂（antagomir-219）、
特异性激动剂（agomir-219）、阴性对照剂（antagomir-NC、agomir-NC）以及腹
腔注射 NMDA 受体的非竞争性拮抗剂 MK-801，观察小鼠行为学改变，同时检测小
鼠皮质脑电图改变及海马中 microRNA-219、CaMKⅡγ、NMDAR1 表达变化情况。 
结果：1. 海人酸或匹罗卡品可诱导小鼠癫痫发作和异常脑电图改变。癫痫
组小鼠较对照组小鼠，海马内 microRNA-219 水平显著降低（降低 70%），而皮质
中 microRNA-219 水平变化无统计学意义，海马中 CaMKⅡγ、NMDAR1 蛋白表达水
平升高。癫痫患者脑脊液中 microRNA-219 水平较对照组也显著降低；2. 
microRNA-219 的特异性拮抗剂可诱导小鼠表现出癫痫发作症状和异常脑电图表
现。注射 microRNA-219 拮抗剂后，小鼠海马内 microRNA-219 水平显著降低，海
马中 CaMKⅡγ、NMDAR1 蛋白表达水平升高；3. microRNA-219 的特异性激动剂
可使 KA 诱导的癫痫小鼠症状明显好转，脑电图皮层痫样放电明显受到抑制。可
使癫痫小鼠海马内 microRNA-219 恢复到正常水平，CaMKⅡγ、NMDAR1 蛋白表达




















microRNA-219 通过调节 CaMKⅡ/NMDA 受体信号通路发挥着抑制癫痫发生的重要
作用，补充 microRNA-219 可能成为治疗癫痫的一种有效措施。 
 






































Objective: In order to establish an animal model of human temporal lobe 
epilepsy ,C57BL / 6、ICR mice were induced into status epilepticus by kainic acid or 
pilocarpine. To explore the dynamic changes of regulatory networks and functional 
pathways of microRNA-219 in the pathogenesis of epilepsy, and provide new 
evidence for the diagnosis of epilepsy and new targets for anti-epileptic drug 
development. 
Methods: We use adult male C57BL / 6、ICR mice as research subjects, Induced 
seizures in mice by intracerebroventricular injection of kainic acid (Kainic acid, KA) 
or intraperitoneal injection of pilocarpine, In order to establish an animal model of 
epilepsy. Detect changes of mouse cortical EEG and microRNA-219 expression in 
mouse hippocampus and cortex in use of rt-PCR after 24 hours, Meanwhile detect 
expression changes of CaMK γⅡ 、NMDAR1 protein in mouse hippocampus by 
western blot. Collecting cerebrospinal fluid of eight cases of temporal lobe epilepsy 
and six cases of control group, Using real-time PCR method to detect the expression 
changes of microRNA-219 in cerebrospinal fluid. Mice were future i.c.v. injected 
with microRNA-219 specific antagonist (antagomir-219), specific agonists 
(agomir-219), the negative control agent (antagomir-NC, agomir-NC) and were 
intraperitoneal injected with noncompetitive antagonist ( MK-801) of NMDA 
receptors, Observe behavioral changes of the mice and detect changes of mouse 
cortical EEG and expression changes of microRNA-219, CaMK γ, NMDAR1 in Ⅱ
hippocampal. 
Results: 1. Kainic acid or pilocarpine can induce seizures and EEG abnormalities 
in mice. Epileptic mice compared with control mice, the hippocampal microRNA-219 
levels was significantly reduced (70%), while the cortical microRNA-219 levels was 
not significative statistically. CaMK γⅡ 、NMDAR1 protein levels elevated in the 
hippocampus. The levels of microRNA-219 in cerebrospinal fluid of patients with 

















of microRNA-219 can induce seizures and abnormal EEG in mice. After injection of 
microRNA-219 antagonist, the levels of microRNA-219 in mouse hippocampus was 
significantly reduced and the levels of CaMK γⅡ 、NMDAR1 was increased；3. The 
agonist of microRNA-219 can significantly improve symptoms of KA-induced 
seizures in mice and significantly inhibite cortical abnormal discharge. the levels of 
microRNA-219 returned to normal in hippocampus of epileptic mouse and the levels 
of CaMK γⅡ 、NMDAR1 reduced；4. Noncompetitive antagonist of NMDA receptor 
MK-801 can significantly improve the epileptic symptoms and abnormal EEG 
induced by microRNA-219 antagonist . 
Conclusions: In the hippocampus of mouse model of epilepsy and cerebrospinal 
fluid of patients with epilepsy, microRNA-219 expression was significantly decreased. 
microRNA-219 can be used as a biomarker for early detection of epileptic diseases. 
microRNA-219 plays an important role in inhibiting the occurrence of epilepsy  
through modulating the CaMKII/NMDA receptor pathway. supplement of 
microRMA-219 in epilepsy may provide another anabolic strategy for ameliorating 
epilepsy. 
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英文缩写               英文全称              中文全称 
KA                    Kainic acid              海人酸 
Pilo                    Pilocarpine             匹罗卡品 
MiRNA                MicroRNA              小 RNA 
mRNA       Messenger ribonucleic acid        信使核糖核酸 
Ca                     Calcium                  钙 
NMDA      N-Methyl-D-Aspartic Acid  N-甲基-D-天门冬氨酸 
CaMK  Calmodulin dependent protein kinase 钙调素依耐性蛋白 
                                           激酶 
EP                    Epilepsy                  癫痫 
IE               Intractable epilepsy            难治性癫痫 
LTP            Long-term potentiation           长时程增强 
EEG            Electroencephalogram           脑电图 
CSF            Cerebrospinal fluid              脑脊液 
TLE            Temporal lobe epilepsy           颞叶癫痫 
WB              Western Blot               免疫印迹实验 
MFS           Mossy fiber sprout             苔藓纤维出芽 
DAB           Diaminobenzidine             二氨基联苯胺 
DEPC          Diethyl pyrocarbonate          焦炭酸二乙酯 

















μg                   Microgram                微克 
min                    Minutes                 分钟 
ml                     Milliliter                毫升 
μl                     Microlitre               微升                 
d                        day                    天 
h                       hour                   小时 
kg                     Kilogram                千克 

















































（1.3～3.6）10 万，为一般人群的 2～3 倍[1]。目前全世界约有 5000 万癫痫患
者，我国约有 900 万以上癫痫患者，其中每年新发 65-70 万例。由于缺乏有效
的预防和治疗措施，大约 30％癫痫患者发展为难治性癫痫(Intractable 













1.2 microRNA 概述 
近年来发现，DNA 携带的遗传信息在转录成 mRNA 后，可能还会受到
microRNA(miRNA)的影响，之后才翻译为蛋白质。对人类基因的研究发现，约占
人类基因总数 1%的 miRNA，参与调控了 10%以上的基因产生的蛋白[10]。 miRNA
是一类长度为 19-23 个核苷酸的内源性非编码单链小分子 RNA。miRNA 的产生首

















pri-miRNA 在细胞核内被 RNA 酶 III 家族中的 Drosha 酶切割成具有发夹状结构
的前体 miRNA(pre-miRNA)。该前体被 Exportin-5 蛋白从核内转运到细胞质中，
被 Dicer 酶复合体剪切成双链 miRNA，双链 miRNA 被解旋酶解开后形成成熟的
单链 miRNA。成熟 miRNA 与 RNA 诱导的基因沉默复合物(RNA induced 
silencing complex, RISC)进行选择性结合，形成 RISC 复合物，该复合物与靶 
mRNA 上 3’端非翻译区（3′-untranslated regions，3'-UTR）碱基互补配对
结合，对靶基因 mRNA 进行直接降解或抑制，从而调控基因的表达[11,12]（详见示
意图）。目前实验研究已证实单个 miRNA 可调控多个靶 mRNA，同时有一半的 
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